Mating success is often determined by multiple traits, but why this occurs is largely unknown. Much attention has been paid to female preferences for multiple traits, but surprisingly few researchers have addressed the possibility that multiple traits are important because they serve different functions in female choice and male-male competition. Differential trait function could result from a conflict of interest between the sexes or from constraints forcing the sexes to pay attention to different traits. I show that traits determined at distinct life-history stages differ in their importance in female choice and male-male competition in a water boatman Sigara falleni. Juvenile conditions determined body and foreleg pala size and were the main determinants of mating success under female choice, whereas adult conditions determined body mass and influenced mating success when male competition was included. This differential use of condition-dependent traits under the two selection regimes appeared to arise partly from a conflict between the sexes, since the two selection forces (female choice and male competition) conflict for selection on pala size, and partly from constraints, as females appeared unable to assess adult condition.
INTRODUCTION
An increasing number of studies find that mating success is determined by multiple traits, such as vigorous courtship behaviours combined with bright colours, or elaborate songs that are evaluated together with conspicuous ornaments (Andersson 1994; Candolin 2003) . Why this occurs is disputed and many different hypotheses have been proposed. Multiple traits may be important if (i) mate choice is based on multiple traits, (ii) if the success in the competition for the access to mates is determined by multiple traits, or (iii) if mate choice and success in the competition for mates are based on different traits.
Of these three possibilities, the first has received the most theoretical and empirical interest (Candolin 2003) . Mate choice is frequently based on multiple cues, which may be adaptive and reduce mate-choice errors or costs (Møller & Pomiankowski 1993; Johnstone 1996) , may have no effect on fitness if the preferences are remnants from past selection (Møller & Pomiankowski 1993; Ryan & Rand 1993; Holland & Rice 1998) , or may be maladaptive if the signaller manipulates the mating resistance of the receiver (the choosing sex) by taking advantage of pre-existing sensory biases (Holland & Rice 1998) .
By contrast, the second and the third possibilities have received almost no attention (but see Howard et al. 1997; Kraak et al. 1999; Andersson et al. 2002) . Of particular importance is the third possibility, that different traits are used in female mate choice and in male-male competition. These two selection pressures can work in concert or be in conflict, which could influence the maintenance of genetic variation of traits (Qvarnströ m & Forsgren 1998; Moore & Moore 1999; Andersson et al. 2002; Lopez et al. 2002) . For example, traits that are favoured in male competition may correlate negatively with male parental effort and be counteracted by female choice for direct benefits (Smith 1995; Forsgren 1997; Qvarnström 1997; Magrath & Komdeur 2003) . This could relax the strength of directional selection, enforcing stabilizing selection and counteracting the loss of genetic variation (Kirkpatrick & Ryan 1991; Roff 1997) .
Traits used as cues in mate choice are generally assumed to be condition dependent (Andersson 1986; Price et al. 1993; Johnstone 1995; Rowe & Houle 1996; Griffith et al. 1999; David et al. 2000; Kotiaho et al. 2001) . This can ensure that the traits reflect mate quality by preventing low-condition individuals from developing traits as large or pronounced as males in good condition, presuming that condition correlates with quality. However, different traits may develop at different times of the lifespan and thus reflect condition at different life stages (Møller et al. 1998; Birkhead et al. 1998; Hill et al. 1999; Scheuber et al. 2003) . The use of multiple cues could then give a more complete picture of overall male quality than a single cue reflecting condition at only one life stage.
Using the water boatman Sigara falleni (Corixidae) as a model, I investigated (i) how conditions at distinct life stages affect different male traits, and (ii) the subsequent importance of the traits in female mate choice and male competition, the two major forces of sexual selection. Sigara falleni is a semi-aquatic insect that inhabits rivers and lakes of Europe ( Jansson 1996) . The insects aggregate in patches along the shores of rives and lakes in early spring. The mating attempts of males take place under competition as males try to disrupt each other's mounting attempts. Females resist most copulation attempts, and both female choice (or resistance) and male competition determine mating success. In contrast to other species of water boatmen, S. falleni do not stridulate. Instead, males have enlarged foreleg palae, i.e. clawlike tarsal segments ( Jansson 1996) . Males court females by shaking their bodies and enlarged foreleg palae in front of the females. Thus, the sexually dimorphic palae could be sexually selected and used both as visual signals to the female and as structures for clasping the female during mating. An earlier study showed that female choice and male competition exert opposing selection on male foreleg pala size, with female choice favouring large palae, whereas male competition favours smaller palae (Candolin 2004 ).
MATERIAL AND METHODS
Water boatmen were collected with dip nets from the shores of Wohlensee, near Bern, Switzerland, before the breeding season in January 2002. The insects were brought to the laboratory, and species and sex identified. Pairs of S. falleni, one male and one female, were placed in plastic jars with 0.5 l of water. They were kept at 22 C under a 16 L : 8 D cycle to stimulate reproduction. A piece of plastic netting served as oviposition substrate. The insects were fed daily with frozen chironomid larvae. Females started ovipositing within two weeks and usually laid between two and five eggs per day. Every third day, the plastic nettings with newly laid eggs were transferred to separate jars. When the nymphs started to hatch, chironomid larvae and a mixture of phytoplankton were added as food. Nymphs that reached the second instar were transferred to new jars and subjected to two juvenile food treatments and two adult food treatments, according to a full factorial design (see x 2a). Full-sib offspring from 28 pairs, who had produced at least 50 hatched larvae, were used in the experiments.
(a) Juvenile food treatment
The offspring of a wild-caught female were divided among four 0.5 l jars and submitted to two food rations. Two jars were maintained under high food ration, with frozen chironomid larvae added each day, one chironomid per corixid nymph, and two jars under low food ration with the same amount of chironomids added every second day. When the nymphs reached the fourth instar, the number of chironomids added was increased from one to two chironomids per nymph. The density of nymphs was kept approximately equal among jars by removing nymphs from jars with a higher survival rate. Emerging adults were immediately sexed and males were transferred to the adult food manipulation treatments.
(b) Adult food treatment
Full-sib males from the two juvenile jars with the same food ration were randomly assigned to two adult food rations: high ration with chironomid larvae added daily (two chironomids per adult), and low ration with the same food added every second day. Two 1 l jars were used for each food treatment (four jars in total). Each jar contained males from both juvenile jars, to eliminate possible effects of jar on the results. The males were maintained on the adult food rations for two weeks before being used in the female preference and male competition experiments.
(c) Female mate choice Unmated S. falleni females were caught from the same area as described above, before the breeding season in February and March 2002. They were maintained in the laboratory at 22 C under a 16 L : 8 D cycle to stimulate sexual maturation. They were fed daily on frozen chironomids. A randomly chosen male whose condition had been manipulated through the juvenile-adult food treatments was placed in a 0.2 l jar. After 30 min of acclimation, an unmated female was added and the insects were observed once every 10 min until mating occurred or 3 h had passed without copulation. Copulation generally lasts 20-40 min (personal observation). Twenty unrelated males were tested for each food treatment combination. New females were used each time. Copulation does not succeed without the agreement of the female and the results give the willingness of the female to mate with a male.
(d) Inclusion of male-male competition
Two males from the same family that either (i) differed in juvenile feeding history and not in adult feeding history (which could be low or high food ration), or (ii) differed in adult feeding history and not in juvenile feeding history (which could be low or high food ration), were placed in a 0.2 l jar. The paired males had not been raised in the same jar and had therefore no prior experience of each other. The males were marked with different colours of acryl paint on the pronotum to facilitate individual recognition. After 30 min of acclimation, an unmated female was added to the jar and the insects were observed once every 10 min until mating occurred or 3 h had passed without copulation. One male from a pair was randomly selected as the focal male for the analyses on dependence of mating success on food rations and male traits. New males and females were used each time. Twenty pairs of each combination were tested.
(e) Body measurements
After the trials, the insects were dried on blotting paper for 1 min and weighed to the nearest 0.001 g. Body size was measured by photographing the males with a video camera mounted on a microscope and connected to a computer. Male body length and the areas of the two foreleg palae were measured with IMAGEJ v.1.28u (http://rsb.info.nih.gov/ij/). Body length was measured from the front of the pronotum to the end of the left forewing corium. Each character was measured twice and the average value was used in the analyses. For foreleg palae, the average size of the two palae was calculated.
(f) Analyses
The effects of food treatments on the measured male traits were analysed with mixed model analyses of variance, with food treatments as fixed factors and family as a random factor. Non-significant interactions terms ( p > 0:1) were excluded from the models. To analyse for effects of food treatments on mating success, logistic regression models were fitted with mating success as a binary response variable and family and larvae and adult food treatments as categorical covariates. Interaction terms that did not significantly improve the fit of the models were deleted.
The dependence of mating success on male traits (body length, body weight and pala size) were analysed with logistic regression. Correlation between the traits, collinearity, which can decrease the reliability of individual regression coefficients, did not pose a problem as the tolerance of all variables were greater than 0.11 (VIF < 9) (Kleinbaum et al. 1988) .
Differences between paired males in body traits were calculated as: ða À bÞ=ða þ bÞ, where a is the trait value of the male on high ration, and b is the trait value of the male on low ration. Values given are means^s.e.m.
RESULTS
(a) Effects of food treatments on male body traits Juvenile food rations determined body size and pala size: males on a high ration grew larger and heavier, and developed larger foreleg palae than males on a low ration (high ration: 0:01142^0:0001 g (body weight), 6:55^0:02 mm (body length), 0:422^0:003 mm 2 (pala area); low ration: 0:0105^0:0001 g, 6:29^0:02 mm, 0.392^0.002 mm 2 ; table 1). The significant effects remained after a sequential Bonferroni correction was applied to maintain a table-wide a ¼ 0:05. Juvenile food rations had no significant effect on pala size in relation to body size, since pala size was mainly determined by body length (table 1) .
Adult food rations determined body mass, with males on a high ration becoming heavier than males on a low ration (0:0111^0:0001 g and 0:0109^0:0001 g, respectively). Adult rations had no effect on body length or pala size, since these traits do not change after the last moult. Juvenile and adult food rations interacted in determining body mass, with the effect of an adult food ration depending on larvae ration (low juvenile, low adult: 0:0105^0:0001 g, low juvenile, high adult: 0:0105^0:0001 g, high juvenile, low adult: 0:0112^0:0001 g, high juvenile, high adult: 0:0116^0:0001 g).
Body mass and relative pala size differed among families, and the significant effects remain under sequential Bonferroni correction.
(b) Female mate choice
Juvenile food ration, but not adult food ration, determined the probability of mating in the single male trials; males raised on a high juvenile ration had a higher mating probability than males raised on a low juvenile ration (table 2; figure 1). No significant effect of family was detected (table 2) .
The probability of mating increased with increasing pala size (table 3) . Thus, the effect of juvenile conditions on mating could be mediated by effects on pala size (table 1) . A non-significant marginal effect of family on mating probability was detected.
(c) Inclusion of male-male competition
Mating success depended on adult food conditions but not on juvenile conditions under male competition (table 4; figure 2). A male on a high adult food ration had a higher probability of mating than a male on a low ration. These results differ from those gained in the absence of competition (interaction between food rations and presence or absence of male competition: juvenile conditions: Wald ¼ 5:26; p ¼ 0:022, adult conditions: Wald ¼ 2:20; p ¼ 0:046).
Mating success of competing males was related to their absolute and relative body mass (table 5) . Thus, the effect of adult food conditions on mating success of competing males could be mediated by effects on body mass.
DISCUSSION
Food conditions during distinct life-history stages had differential effects on male traits and mating success under female choice and male competition. Juvenile conditions determined body morphology, such as pala size, and were the main determinants of mating success under female choice. Adult conditions, by contrast, determined body mass and influenced mating success when male competition was included. Surprisingly, juvenile conditions had no significant effect on mating success under male competition, which suggests that present condition, and perhaps energy levels, are more important in determining mating success under competition. However, it is not known whether the investigated male traits, pala and body size, or other correlated traits were the ones that influenced mating success. Nevertheless, the results demonstrate that mating success is affected by different condition-dependent traits under the two selection regimes, female choice and male competition.
Studies on a wide variety of animals have found mating success to be determined by multiple traits (Candolin 2003) . Why this occurs is largely unknown and many hypotheses have been proposed. This study supports the hypothesis that multiple traits determine mating success because female choice and male competitive ability are based on different traits. This could arise owing to constraints that force the sexes to pay attention to different traits, or to a conflict of interest between the sexes, if the Multiple cues and mating success in water boatmen U. Candolin 49 target of female choice does not coincide with male competitive ability. Constraints in the ability of females to judge adult male condition could be one reason for the differential use of the traits in S. falleni , since adult conditions had no significant effect on mating success when only female choice was operating. This could arise from an inability to assess adult male condition, or from excessive costs of mate assessment. Interestingly, the importance of adult condition increased when male competition was included, resulting in the 'choice' of the male in the best overall condition. Condition is generally assumed to reflect mate quality by reflecting direct or indirect genetic benefits of mate choice (Andersson 1986; Price et al. 1993; Johnstone 1995; Rowe & Houle 1996; Griffith et al. 1999; David et al. 2000; Kotiaho et al. 2001) . Thus, females could benefit from mating with males in good condition and consequently from the inclusion of male competition. This could be of particular importance in environments where conditions fluctuate and male condition and juvenile viability do not necessarily reflect viability as adult. The inclusion of several condition-dependent traits in the choice process, through the inclusion of male competition, could then facilitate female choice for the male in the best overall condition and reduce mate-choice errors or costs.
The other possibility, that several traits determined mating success because of a conflict of interest between the sexes, is also plausible. An earlier study found the two selection forces, male competition and female choice, to conflict in selection on male foreleg pala size, although not on body size (Candolin 2004) . Female choice favoured larger palae, whereas male competition favoured smaller palae, probably owing to costs to males of large palae. Whether the two forces, female choice and male competition, act in the same or opposite direction is currently debated, with differing results for different species (Berglund et al. 1996; Wiley & Poston 1996; Qvarnström & Forsgren 1998; Candolin 1999; Moore & Moore 1999; Wollerman 1999; Andersson et al. 2002; Lopez et al. 2002) . In the present species, enforcing or counteracting female choice and male competition depend on whether individuals vary in their ability to cope with both juvenile and adult conditions. A conflict situation arises if phenotypes well adapted to juvenile conditions do less well as adults, owing to a gene-environment interaction, and if juvenile conditions correlate better than adult conditions with fitness benefits to females. Male competition and a corresponding increase in the importance of adult conditions could then hamper adaptive female choice. By contrast, if juvenile and adult conditions are generally correlated, then a conflict situation does not arise and male competition could facilitate mate choice. In a related study on water boatmen caught from the field, where condition was not manipulated, both female choice and male competition favoured larger males, suggesting that condition at the two stages generally does not conflict (Candolin 2004) . To what degree sexual conflict occurs and its effects on male and female fitness is disputed (Chapman et al. 2003; Cordero & Eberhard 2003; Cordoba-Aguilar & ContrerasGarduno 2003; Kokko et al. 2003) . To determine whether male competition ultimately facilitates or hampers female choice in water boatmen, the target of female choice and the value of juvenile and adult conditions as indicators of mate quality need to be determined.
The results of this study differ from those of other studies where females have been found to be able to use one cue as a signal of a male's lifetime fitness (Sullivan 1990; Emlen 1994; Møller et al. 1998; David et al. 2000) . For example, in lekking black grouse Tetrao tetrix females can use territory position as a signal of a male's lifetime performance (Kokko et al. 1999 ). The present study on water boatmen suggests that the pattern can be more complicated than generally assumed. Multiple traits could give a more complete picture of mate quality and become operative under different selection regimes.
In conclusion, traits determined at distinct life-history stages differed in their importance in female choice and male-male competition. This implies that the two selection forces (female choice and male competition) could Multiple cues and mating success in water boatmen U. Candolin 51
